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[57] ABSTRACT 

A magnetoresistive sensor includes a track width oxide 
layer which overlies a magnetoresistive element. Etch 
stop layers lie on opposite sides of the magnetoresistive 
element adjacent a magnetoresistive element. Contact- 
/boimdary control layers overlie the etch stop layer and 
lie adjacent the track width oxide layer. A separate loft 
oxide layer overlies the contact/boundary control lay- 
ers and the track width oxide layer. The magnetoresis- 
tive sensor is formed by depositing a track width oxide 
to a thickness of the contact/boundary control layers. 

3 Claims, 6 Drawing Sheets 
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PLANARIZED MAGNEIORESISITVE SENSOR SUMMARY OF THE INVENTION 

The present invention is a planarized magnetoresis- 

Tliis is a divisional of application Ser. No. tive head for reading magnetically stored information. 

07/761,001, filed Sep. 17, 1991, now U.S. Pat. No. 5 The present invention provides an improved mag- 

5,256,249. netoresistive sensor which has a generally planarized 

nAi-TrrtpnTTTm nvr xhp nsrvPMTroM surface. The magnetoresistive sensor includes a mag- 

BACKGROUND OF THE INVENTION netoresistive element which has an overlying track 

The present invention relates to magnetoresistive width oxide. Etch stop layers lie on opposite sides of the 

heads. In particular, the present invention relates to a 10 magnetoresistive element, adjacent the magnetoresis- 

planarized magnetoresistive head. tive element Contact/boundary control layers overlie 

Magnetoresistive sensors can be used to sense mag- ®tch stop layer and are positioned adjacent the track 
netically encoded information. In operation, a sense width layer, A loft oxide layer overlies the contact- 
current is passed through a magnetoresistive elem^ent. /boundary control layers and the track width oxide 
Presence of a magnetic field changes the resistance of a layer. An inductive write head can be deposited adja- 
magnetoresistive element Change in voltage drop ^® magnetoresistive sensor to form a magnetore- 
across the MR element due to the change of the resis- sistive read/write head. 

tance of the MR element can be measured and used to The present invention includes a method of forming a 
recover magnetically stored information. planarized magnetoresistive sensor. A magnetoresistive 
These sensors typically comprise a thin strip of NiPe element is deposited on an oxide basecoat which over- 
alloy (Permalloy) magnetized along an easy axis of low ^^5^. a niagJietic shield layer. A photoresist mask is de- 
ooercivity. Many other ferromagnetic alloys are also positcd over the magnetoresistive element and an etch 
candidates. The strips are usually mounted in the head stop layer is deposited. The photoresist layer is ronoved 
so that the easy axis is transv^se the dkection of disc ^'^^^ ^ ofFa portion of the etch stop layer and leaves 
rotation and parallel to the plane of the disc. The mag- ^ Portions of the etch stop layer which lie on either side of 
netic flux from the disc causes rotation of the magneti- the magnetores^tive element A track width oxide layer 
zation vector of the strip, which m turn causes a change metal mask kyer are deposited over the structure, 
in resistivity to a sense current flowing between lateral ^ Pliotoresist m^k is deposited on the metal mask layer 
contacts. The resistivity varies according to difference ,^ ^l?" ''fX^^'^ V^^^^' """^^^ ^T''^^ ^ 
of the cosine-squared of the angle between the magneti- P^^^^ ^f/^ track width oxide and leaves the track 
zation vector and the current vector with and without !2tl^ J^^^ "^f^ f^^ which overhe the mag- 
thc presence of an external magnetic field. Due to this ^^I^rJ^^"^^ ^^^'f , ^^^^'^ 
cosiie-squared relationship, ifl^e magnetization and ^TL^^^ll^Tt"? T^'tu^^Z T ^^"l 
currentvectorsareinitiaUyaUgned,thehdtialc^^^ „ SJl?S,?tSl^^^^^ 

J * J- ^ ri • 1 J -J- " adjacent the track Width oxide layer. A selective metal 

resistivrty due oc^magneto^^^^ ^4 / ^^^^ 

tional, TypicaUy, therefor^^^^^ photores^T stripper is used to lift off the photoresii 

izauon vector or the current ve^^^ ^ and the cJontact/boundary control lay^ assod- 

mately45 to mcrease r^onsiveness to angukr c^^^ ated with it A loft oxide layer is deposited over the 

m the magnetization vector and to hneanze the sensor 40 contact/boundary control layers and the track width 

output layer. 

The sensor itself comprises a strip of magnetoresistive 

material deposited on a magnetic shield layer to form a BRIEF DESCRIPTION OF THE DRAWINGS 

magnetoresistive element A series of deposition and piQ. 1 shows a prior art magnetoresistive sensor, 

etchmg processes form an active region from a portion 45 piGS. 2A-2J illustrate steps of fabricating a mae- 

of the magnetoresistive element The active region is netoresistive sensor m accordance with the method of 

the area of the sensor that senses magnetic flux from the the present invention. 

magnetic storage medium. An upper magnetic shield piG. 3 shows a liiagnetoresistive sensor in accor- 

acts as a barrier between the sensor and the surface of dance with the present mvention as viewed from a mag- 

the magnetic storage medium to prevent flux passing by 50 netic storage medhim. 

the sensor from linking back to the sensor. The mag- piG. 4 is a cross-sectional view of the magnetoresis- 

netic shield also serves to protect the sensor from re- tive sensor of FIG. 3. 
ceiving stray magnetic flux from surrounding magnetic 

storage media. DETAILED DESCRIPTION OF THE 

One problem which affects performance of mag* 55 PREFERRED EMBODIMENTS 

netoresistive heads is the degree to which surfaces in FIG. 1 shows a prior art magnetoresistive sensor 1 as 

the sensor can be made flat or "planarized." In particu- viewed from a surface of a magnetic storage medium, 

lar, in prior art sensors, the upper shield has a dip just Sensor 1 includes a lower pole tip/upper shield 2. a 

above the active region of the magnetoresistive ele- magnetoresistive element 3 and contact/boundary con- 

ment This degrades off-track performance. Lack of 60 trol layers 4A and 4B. Magnetoresistive element 3 is 

planarization can also cause an electrical short between deposited on an oxide basecoat 5 which overlies a shield 

the magnetoresistive element and the upper shield. This 6. Contact/boundary control layers 4A and 4B are then 

can reduce yields during manufacture. Attempts at pla- deposited. Shield 2 shields an active region 8 of mag- 

narization of magnetoresistive sensors have focused on netoresistive element 3 from stray magnetic flux. A dip 

etching of a boundary control layer. This can damage 65 in the lower pole tip 2 causes the distance between 

the structure of the magnetoresistive head and ad- shield 2 and shield 6 to vary. Shields 2 and 6 protect the 

versely affect stabilization of the magnetoresistive ele- magnetoresistive sensor 1 from stray magnetic flux, 

nient Contact/boundary control layers 4A and 4B are depos- 
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ited, patterned, and etched such that there is a cavity layer 22 extends beyond the edges of magnetoresistive 

over active region 8. An oxide layer 9 is deposited over element 12. A metal mask layer 24 is deposited over 

contact material 4A and 4B and active region 8. The track width oxide 22. Metal mask layer 24 is shown in 

cavity between contact 4A and contact 4B causes oxide FIG. 2E. In a preferred embodiment, metal mask layer 

layer 9 to have a dip. Since shield 2 is deposited on 5 24 comprises copper. 

oxide layer 9, shield 2 has a dip as shown in FIG. 1. FIG. 2F shows a photoresist mask layer 26 deposited 

Off track performance is degraded when an uneven upon metal mask layer 24 to define the track width of 

surface of the upper shield/lower pole tip 2 causes the oxide layer 22. 

distance between shields 2 and 6 to vary. FIG. 1 shows Following deposition of photoresist mask layer 26, a 
distances Di and D2 between shields 2 and 6. Distance 10 metal etchant is applied to define the pattern of metal 

Di is directly under the dip and aligned with active mask layer. An oxide etchant is applied sequentially to 

region 8. Distance D2 is greater than distance Di and is define the track width of oxide layer 22. In a preferred 

not aligned with active region 8. It has been discovered embodiment, photoresist layer 26 should have a thick- 

that the gap formed between shields 2 and 6 having ness of between about 6 microns and about 9 microns, 
distance D2 allows magnetic flux to penetrate more into 15 FIG. 2G shows track width oxide layer 22 following 

an undesirable region. This effectively widens the track appUcation of the oxide etchant During the etching 

widtti of active region 8, which hmits maximum storage process, mask layers 16A and 16B protect the underly- 

density and degrades off track performance. ing alumina layer 10 from the etchant Photoresist mask 

A more severe problem occurs when poor step cov- layer 26 and metal mask 24 prevent track width oxide 
erage of active region 8 causes an electrical short be- 20 layer 22 from being completely removed. This yields 

tween the contact/boundary control layers 4A and 4B the undercut structure of track width oxide layer 22 

and shield 2. The dip in shield 2, if large enough, can which is shown in FIG. 2F. 

cause shield 2 to touch contacts 4A and 4B. Any FIG. 2H shows contact/boundary control layers 28 A 

contact between shield 2 and contact/boundary control and 28B which contact molybdenum layers 16A and 
layers 4A and 4B will cause an electrical short and 25 16B and magnetoresistive elanent 12. Boundary/con- 

render magnetoresistive head 1 useless. trol layers 28A and 28B are deposited to the tiiickness of 

The present invention provides a magnetoresistive track width oxide 22. Contact/boundary control layers 

sensor having a "planarized" oxide layer and top shield 28A and 28B, and track width oxide 22 define an active 

layer. In the present invention, the distance between the region 29 of magnetoresistive element 12. Contact- 
lower shield and the upper shield is relatively constant 30 /boundary control layers 28A and 28B are deposited 

m comparison to prior art designs. This improves off using evaporation or sputtering, for example. During 

track performance and reduces the tendency for the deposition of boundary control layers 28 A and 28B, a 

upper shield to short out the electrical contacts. portion of the deposition material is deposited upon 

FIGS. 2A through 2J show steps used to form a photoresist mask layer 26 and metal mask layer 24 and 

planarized magnetoresistive head in accordance with 35 formslaycr 30. Note that comers 32A and 32B of metal 

the present invention. mask layer 24 are exposed through layer 30. as shown in 

FIG. 2A shows an alumina (AI2O3) basecoat 10 FIG. 2H. In a preferred embodiment, boundary control 

which is deposited upon a magnetic layer 11. Magnetic layers 28A and 28B comprise FeMn. 

layer 11 forms a lower magnetic shield. Alumina layer Photoresist mask layer 26 and layer 30 are removed 
(basecoat) 10 is a non-magnetic oxide layer which 40 through liftoff. A copper etch is appUed subsequently 

serves to carry the magnetoresistive sensor. which etches copper layer 24. FIG. 21 shows the struc- 

FIG. 2B shows ahamina layer 10 underiymg a mag- ture foUowing copper etching. As shown in FIG. 21. 

netoresistive element 12. Magnetoresistive element 12 is contact/boundary control layers 28A and 28B and 

evaporated or sputtered onto alumina layer 10. Majg- track width oxide layer 22 are substantially •*plana- 

nctoresistive element 12 is deposited in a uniform mag- 45 rized," ie. flat Following application of a copper etch- 

netic field which is directed along an easy axis of mag- ant to remove copper layer 24, a loft oxide layer 34 is 

netization. deposited over contact/boundary control layers 28A 

FIG. 2C shows a photoresist layer 14 which is depos- and 28B and track width oxide layer 22 as shown in 
ited over magnetoresistive element 12 to pattern the FIG. 2J. Following deposition oftiie loft oxide layer 34 
magnetoresistive element 12. Photoresist layer 14 is 50 a top shield 40 (shown in FIGS. 3 and 4) is deposited.' 
deposited using standard photolithographic techniques. FIG. 3 shows a cross-sectional view of a completed 
Molybdenum is sputtered over the surface of substrate magnetoresistive sensor 36 made in accordance with the 
12 and photoresist layer 14 which forms layers 16A, present invention. Magnetoresistive sensor 36 mdudes 
16B, 18A, 18B, and 18C. Molybdenum layers 16A and magnetoresistive element 12 mounted between shields 
16B are deposited on ahunina layer 10. Molybdenum 55 11 and 40 above a magnetic disc 46. Magnetoresistive 
16A, 16B, 18A, 18B, and 18C is deposited so that cor- element 12 sits on oxide layer 10 which overlies a mag- 
ners 20A and 20B of photoresist layer 14 are exposed. netic layer 11. In FIG. 4 contact^oundary control 
Molybdenum layers 16A and 16B form an alumina etch layer 28B is deposited directiy over a portion of mag- 
stop during a subsequent step of etching. netoresistive element 12. Loft oxide layer 34 overhes 

Photoresist layer 14 is stripped by a conventional 60 contact/boundary control layer 28A. 
photoresist stripper, which causes lift-off of molybde- FIG. 4 shows the same cross-«ectional view as FIG. 
num layers 18A, 18B. and 18C. Molybdenum layers 1, except that it shows an embodiment of die present 
16A and 16B prevent the photoresist etchant from invention. Magnetoresistive clement 12 is deposited on 
reaching alumina basecoat 10. After photoresist layer 14 oxide layer 10 which overlies a magnetic layer 11 Mo- 
is stripped, a track vwdtii oxide layer 22 is deposited on 65 lybdenum layers 16A and 16B are deposited adjacent to 
molybdenum layers 16A and 16B and magnetoresistive each side of the magnetoresistive element 12. Contact- 
element 12. Track widtii oxide layer 22 comprises a /boundary control layers 28A and 28B are deposited 
layer of alumina, AI2O3. In FIG. 2D. track vwdth oxide over the molybdenum etch stop layers 16A and 16B 
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Due to the planar nature of the upper shield* there is 
a substantially constant distance between the shields 11 
and 40. For example, a distance Di between top shield 
40 and lower shield 11 near active region 29 is about the 
same as a distance D2 shown in FIG. 4. The relatively ^ 
constant spacing reduces the amount of excess flux 
channeled into active region 29 in comparison to prior 
art designs. Also, the substantially planar surface will 
reduce the likelihood of an electrical short Distances |q 
Di and D2 are within about 500 to about 1000 Ang* 
stroms of each other. 

The present invention provides a substantially planar 
magnetoresistive sensor. This structure improves off- 
track performance while maintaining stabilization of the 15 
magnetoresistive element using a boundary control 
layer which has good edge definition. Furthermore, the 
present invention reduces the likelihood of an electrical 
short between the lower pole tips/upper shield and the 
magnetoresistive element and contact material. The 
structure of the present mvention is achieved using a 
separate track width oxide which has a thickness sub* 
stantially the same as the thickness of the contact- 
/boundary control layers. The method of the present 25 
invention includes the use of etch stop layers and a 
number of lift-off steps. 

Although the present invention has been described 
with reference to preferred embodiments, workers 
skilled in the art will recognize that changes may be 
made in form and detail without departing from the 
spirit and scope of the invention. 

What is claimed is: 

1. A magnetoresistive sensor comprising: 
a magnetic lower shield; 

an insulating layer of substantially uniform thickness 
deposited on the magnetic lower shield; 

a magnetoresistive element deposited on the insulat- 
ing layer and including an active region having 40 
first and second side edges and a top surface; 



6 

a first etch stop layer deposited adjacent the first side 
edge of the magnetoresistive element, the first etch 
stop layer having a top surface; 

a second etch stop layer depositeid adjacent the sec- 
ond side edge of the magnetoresistive element, the 
second etch stop layer having a top surface, the top 
surfaces of the magnetoresistive element, the first 
etch stop layer, and second etch stop layer being 
substantially coplanar in a first plane; 

a track width oxide layer having a top surface, the 
track width oxide layer generally overlying the 
magnetoresistive element and defining the first and 
second side edges of the active region of the mag- 
netoresistive element; 

a first contact/boundary control layer having a top 
surface, the first contact/boundary control layer 
positioned adjacent the track width oxide layer and 
generally overlying the first etch stop layer, 

a second contact/boundary control layer having a 
top surface, the second contact/boundary control 
layer positioned adjacent the track width oxide 
layer and generally overlying the second etch stop 
layer, the top surfaces of the track width oxide 
layer, the first contact/boundary control layer, and 
the second contact/boundary control layer bemg 
substantially coplanar in a second plane, the second 
plane being substantially parallel to the first plane; 

a magnetic upper shield over the magnetoresistive 
element; and 

a loft layer of substantial uniform thickness separating 
the magnetic upper shield fi-om the first boundary 
contact/boundary control layer and the second 
contact/boundary control layer. 

2. The magnetoresistive sensor of claim 1 wherein the 
first and second etch stop layers adjacent the mag- 
netoresistive element comprise molybdenum. 

3. The magnetoresistive sensor of claim 1 wherein the 
track width oxide layer has a thickness substantially 
equal to a thickness of the first and second contact- 
/boundary control layers. 

* * * « * 
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